ABSTRACT Background: Previous studies observed inverse associations of adherence to the alternate Mediterranean (aMED), Dietary Approaches to Stop Hypertension (DASH), and alternate Healthy Eating Index (aHEI) dietary patterns with risk of type 2 diabetes; however, their associations with gestational diabetes mellitus (GDM) risk are unknown. Objective: This study aimed to assess usual prepregnancy adherence to well-known dietary patterns and GDM risk. Design: Our study included 21,376 singleton live births reported from 15,254 participants of the Nurses' Health Study II cohort between 1991 and 2001. Pregnancies were free of prepregnancy chronic disease or previous GDM. Prepregnancy dietary pattern adherence scores were computed based on participants' usual intake of the patterns' components, assessed with a validated food-frequency questionnaire. Multivariable logistic regressions with generalized estimating equations were used to estimate the RRs and 95% CIs. Results: Incident first-time GDM was reported in 872 pregnancies. All 3 scores were inversely associated with GDM risk after adjustment for several covariables. In a comparison of the multivariable risk of GDM in participants in the fourth and first quartiles of dietary pattern adherence scores, aMED was associated with a 24% lower risk (RR: 0.76; 95% CI: 0.60, 0.95; P-trend = 0.004), DASH with a 34% lower risk (RR: 0.66; 95% CI: 0.53, 0.82; P-trend = 0.0005), and aHEI with a 46% lower risk (RR: 0.54; 95% CI: 0.43, 0.68; P-trend , 0.0001). Conclusion: Prepregnancy adherence to healthful dietary patterns is significantly associated with a lower risk of GDM.
INTRODUCTION
Gestational diabetes mellitus (GDM) 4 affects w7% of all US pregnancies, making it one of the most common pregnancy complications (1) . Its prevalence is increasing as obesity among women of reproductive age escalates (2) (3) (4) . GDM is associated with a significantly elevated risk of short-term and long-term complications for both mothers and offspring (1, (5) (6) (7) . Research on earlypregnancy diet and GDM prevention is limited, with little evidence to assess its role in GDM etiology. In a recent meta-analysis of randomized trials of the effect of GDM treatment for the prevention of its subsequent morbidity, various interventions for blood glucose control, including diet, glucose monitoring, insulin use, and pharmaceuticals, did not significantly reduce the risk of some adverse perinatal and neonatal endpoints, including cesarean delivery and perinatal or neonatal death (8) . Collectively, these data indicate that identifying modifiable factors for the prevention of GDM could be crucial for avoiding its associated adverse health outcomes.
Major risk factors for GDM include older age in pregnancy, a family history of diabetes, and race or ethnicity (1) . Modifiable factors include excess adiposity, physical activity, and diet (9) . Dietary components associated with GDM risk include macronutrients, micronutrients, and individual foods, such as refined carbohydrates, saturated and trans fats, heme iron, and processed meats (9) . Whereas studying individual nutrients may lead to the understanding of important biological mechanisms, assessment of dietary patterns offers a comprehensive and complimentary approach and may be more applicable to clinical and public health interventions. Analyses of overall food patterns also account for any interactions or synergistic effects among individual foods or nutrients. If dietary patterns beneficially affect GDM risk, it would be important to disseminate such information to women of reproductive age.
Several healthful dietary pattern scores, including the alternate Mediterranean Diet (aMED), Dietary Approaches to Stop Hypertension (DASH), and alternate Healthy Eating Index (aHEI), have been inversely associated with type 2 diabetes risk among nonpregnant individuals, making them potential risk factors for GDM as well (10) (11) (12) . The aMED score was adapted for the US population from a previously published pattern by Trichopoulou et al (13, 14) , based on the traditional Mediterranean diet. The DASH score was developed by Fung et al (15) to measure adherence to the DASH diet, a dietary pattern originally put forth by Sacks et al (16) for the reduction of blood pressure. McCullough et al derived the aHEI score (17) from the USDA Food Guide Pyramid (18) and the 1995 Dietary Guidelines for Americans (19) .
Associations of these dietary patterns with GDM risk, however, have not been investigated. The aim of this analysis was therefore to determine whether usual prepregnancy adherence to dietary patterns, including aMED, DASH, and aHEI, is associated with the risk of GDM.
SUBJECTS AND METHODS

Source population
Our research question was examined in the Nurses' Health Study II (NHS II) longitudinal cohort. This ongoing observational prospective cohort was established in 1989, enrolling 116,671 female nurses aged 24-44 y at baseline (20) . Questionnaires are distributed biennially to update lifestyle characteristics and healthrelated outcomes. The 1989 baseline questionnaire captured information regarding medical, diagnostic, and prescription history; date of birth; occupational status; gravidity; height and weight; and a range of other characteristics. Time-varying characteristics are updated every 2 y. Beginning in 1991 and every 4 y thereafter, participants are asked to complete a semiquantitative foodfrequency questionnaire (FFQ) in addition to the main questionnaire (21) . The FFQ is designed to measure average intake over the past year and has been extensively validated (22) (23) (24) . Questions for various food items ask participants to report their frequency of consumption of a standard portion size, ranging from "never" to "6 or more times/d." A validation study from a similar cohort of female participants compared foods assessed by the FFQ and multiple diet records and found a mean correlation coefficient between food items of 0.52, ranging from 0.08 for spinach to 0.90 for tea (24) . This study was approved by the institutional review board of the Partners Health Care System (Boston, MA), with participants' consent implied by the return of the questionnaires. Follow-up for each questionnaire cycle is .90% through 2001.
Study population
The first dietary questionnaire was administered in 1991 and is thus the baseline assessment for prepregnancy exposure. Investigators ceased the update of GDM occurrence in 2001; thus, follow-up is through the return of the 2001 questionnaire. NHS II participants were considered for this analysis if they reported at least one singleton live birth after the return of their 1991 questionnaire through 2001.
Individual singleton live births were included in the analysis if the participant did not report GDM in a previous pregnancy, a diagnosis of type 2 diabetes or cancer, or a cardiovascular disease event (myocardial infarction, stroke, coronary artery bypass graft procedure, or angina), before an otherwise eligible pregnancy. Pregnancies after GDM were not included because women with GDM in a previous pregnancy are likely to change their diet and lifestyle during the next pregnancy to prevent recurrent GDM. Pregnancies were also excluded if the participant did not return a prepregnancy FFQ, left .70 FFQ items blank, or reported unrealistic total energy intakes (,500, .3500 kcal/d).
Exposure assessment
Prepregnancy aMED, DASH, and aHEI dietary adherence scores were computed for each FFQ cycle occurring before a given pregnancy. Components included in each score are outlined in Table 1 . Justification for inclusion of each component was described in detail elsewhere (14, 15, 17) . The participants' total score is a sum of the points earned across each dietary component for a given pattern, with aMED ranging from 0 to 8, DASH from 8 to 39, and aHEI from 2.5 to 87.5 possible points. A higher score indicates greater adherence. Scores were computed as the cumulative average of all prepregnancy questionnaires to reduce random within-person error and represent usual long-term intake before an index pregnancy. Missing exposure data were carried forward from the last FFQ for which data were captured.
To compute the aMED score, participants were allotted 1 point for being above the median of servings/d for each component, with the exception of red and processed meats, which was scored 1 point for being below the median intake. One point was earned for moderate alcohol consumption, defined as 5-15 g/d (25) . Median servings/d cutoffs were computed for each FFQ year from the overall NHS II population.
In a recent publication by Fung et al (26) , authors pointed out that the primary sources of MUFA in a similar cohort of US women differed substantially from Mediterranean countries. Achieving a higher MUFA:SFA ratio might therefore not be representative of the healthful dietary fats intended by the Mediterranean Diet (olive oil, other plant sources) in our population (27) . Although trends in olive oil consumption increased over time in their female population, it was still outweighed by beef and other meats contributing to 18-30% of MUFA intake. Prepregnancy red and processed meat intakes have been positively associated with GDM risk (28) ; therefore, in a secondary analysis, the MUFA:SFA ratio component was omitted from the total aMED score. 
The DASH score was derived similarly to the aMED score (16) . Participants received points for each dietary component based on their quintile of intake (servings/d). For example, a participant in the third quintile for usual consumption of vegetables earned 3 points. The sweetened beverages component was scored by quartiles because there was less variability in intake. Inverse scoring was used for red and processed meats, sugar-sweetened beverages, and sodium to reflect greater adherence with less intake.
Secondary analyses examined modifications to scoring the DASH diet. Results from the Optimal Macronutrient Intake Trial for Heart Health (OMNIHeart) randomized trial indicated that vegetable protein-based and vegetable MUFA-based dietary patterns were superior to a carbohydrate-based DASH diet for several cardioprotective intermediate endpoints (29) . Therefore, we added components to the DASH score to reflect macronutrient composition. The OMNI-protein score included additional points for increasing quintiles of vegetable-based protein intake and for decreasing quintiles of total carbohydrate intake (% of total energy). The OMNI-fat score included additional points for increasing quintiles of vegetable-based fat intake and for decreasing quintiles of total carbohydrate intake (% of total energy).
For the aHEI pattern, points were given for intake of each component on a scale from 0 to 10, with 10 indicating adherence to the 1995 USDA recommended levels of intake, 0 for the worst intake, and intermediate scores categorized proportionately. Multivitamin use was scored based on duration, giving 2.5 points for ,5 y and 7.5 points for $5 y of use.
Outcome assessment
The outcome of interest was incident GDM. A physician diagnosis of GDM was ascertained by self-report on each biennial questionnaire through 2001. In the case of more than one singleton birth reported within a 2-y questionnaire period, GDM status was attributed to the first singleton birth, because the questionnaire does not specify which pregnancy experienced GDM if multiple pregnancies occurred. In a validation study among a subgroup of the NHS II cohort, 94% of GDM reports were confirmed by medical records (20) . Among the confirmed GDM diagnoses, physicians were most likely to use the National Diabetes Data Group criteria. From a supplemental questionnaire sent to a random sample of parous women without GDM, 83% reported a glucose screening test during pregnancy and 100% reported frequent prenatal urine screening, suggesting a high level of GDM surveillance among both cases and noncases in this cohort.
Covariable assessment
Age of the mother was computed from date of birth to the date of each questionnaire return. Participants reported their current weight on each biennial questionnaire. Self-reported weight was highly correlated with measured weight among a random subset of Boston-area cohort participants (r = 0.97) (30) . BMI was computed as weight in kilograms divided by the square of height in meters. Total physical activity was ascertained by frequency of engaging in common recreational activities, from which metabolic equivalent of task-hours per week were derived. The questionnairebased estimates correlated well with detailed activity diaries in a prior validation study (r = 0.56) (31) . In addition, we ascertained information about the participants' smoking status, self-reported race and ethnicity, and parental history of hypertension and diabetes. These data were also previously validated (32, 33) . Total energy intake was calculated by summing up energy from all foods reported on in the FFQ.
Statistical analysis
Baseline differences between participants in quartile 1 and quartile 4 were compared for each dietary pattern by using a chisquare test (categorical variables) and univariate linear regression (continuous variables). Dietary pattern adherence scores were analyzed both continuously for a 1-SD increase and categorically as quartiles. Pairwise correlations between baseline continuous pattern scores were computed to assess the similarity of exposures. Multivariable marginal logistic regression using generalized estimating equations, specifying an exchangeable correlation structure, were analzyed to approximate the RRs and 95% CIs for associations between the dietary pattern adherence scores and GDM risk. Models for dietary score quartiles were accompanied by chi-square tests for trend across the quartiles' median values. In addition to age-and energy-adjusted models (model 1), multivariable models (model 2, model 3) were further adjusted for a priori-selected prepregnancy covariables. These included BMI (kg/m 2 ), physical activity (MET-h/wk), sedentary time at home (h/wk), gravidity (total pregnancies lasting $6 mo), smoking status, parental history of type 2 diabetes, and race or ethnicity. The DASH score model additionally adjusted for alcohol (g/d), because this is not a component of the dietary pattern and is a potential lifestyle confounder. Age, gravidity, and lifestyle covariables were updated biennially, except physical activity, which was captured every 4 y. Non-time-varying covariables, including parental history of type 2 diabetes, and race or ethnicity were captured at baseline. Categorical covariables included an indicator for missing data, if necessary.
Additional analyses were conducted to investigate effect modification by parental history of diabetes (no compared with yes) and high-risk pregnancy age group (age ,35 compared with age $35 y). P values for heterogeneity were derived from the cross-product interaction term coefficient (continuous dietary score 3 binary variable) added to the main-effects multivariable model. We also performed interaction tests for the joint effect of BMI group (normal weight, BMI ,25; overweight, BMI 25-29; obese, BMI $30) and dietary pattern scores through a score test, fitting the model with the interaction terms constrained to zero. Additionally, because BMI is a possible intermediate between diet and GDM, we estimated the proportion of the association between dietary patterns and GDM risk that is explained by prepregnancy BMI (modeled continuously), and the 95% CI and P value for significance of mediation, with an SAS macro developed by Spiegelman et al (Harvard School of Public Health; Mediate SAS; http://www.hsph.harvard.edu/faculty/donnaspiegelman/software/mediate/). This estimates mediation from the proportional reduction in the exposure regression coefficient when continuous BMI is included in the multivariable model (34) .
Several sensitivity analyses were conducted to assess the robustness of our findings. This included restricting our analysis to first births from nulliparous women to reduce possible confounding by experiences from previous pregnancies. In a separate analysis for each pattern, we modeled the components simultaneously to assess DIETARY PATTERNS AND GDM a 1-point increase in total score by a given dietary aspect, holding points from all other components constant. This was performed to assess whether the contribution of any one or more individual components explained the association between the total score and GDM risk. Finally, exposure was derived from the most recent prepregnancy FFQ for comparison with the main findings. SAS command PROC GENMOD was used to compute the models, accounting for correlation within women who contributed more than one pregnancy to the analysis (SAS version 9.1; SAS Institute Inc).
RESULTS
Overall 15,254 participants met our inclusion criteria, contributing 21,376 eligible singleton births to this analysis during 10 y of follow-up. The participants' baseline characteristics according to dietary pattern adherence score quartiles (quartile 1 compared with quartile 4) are shown in Table 2 . On average, participants who were in the highest quartiles reported more physical activity, consumed more alcohol, had a higher total energy intake, and were less likely to be current smokers or ever users of oral contraceptives. Women with better adherence also had lower prepregnancy BMI. The dietary pattern adherence scores were approximately normally distributed and significantly correlated with one another (P , 0.0001), with correlation coefficients (r) between aMED and DASH of 0.71, aMED and aHEI of 0.76, and DASH and aHEI of 0.74. There were 872 cases of incident first-time GDM reported during follow-up.
All 3 dietary pattern adherence scores were significantly and inversely associated with a lower GDM risk. In the fully adjusted multivariable model 3, comparing participants in the fourth quartile (greatest dietary pattern adherence) with those in the first reference quartile (lowest dietary pattern adherence), the risk of GDM was 24% lower with the aMED score (RR: 0.76; 95% CI: 0.60, 0.95; P-trend = 0.004), 34% lower with the DASH score (RR: 0.66; 95% CI: 0.53, 0.82; P-trend = 0.0005), and 46% lower with the aHEI score (RR = 0.54; 95% CI: 0.43, 0.68; P-trend , 0.0001) ( Table 3) . Similarly, all 3 dietary patterns were significantly associated with a lower risk of GDM when modeled as a continuous variable for a 1-SD increase in adherence (aMED SD = 1.8, DASH SD = 4.8, aHEI SD = 10.4). In the fully adjusted multivariable model 3, a 1-SD increase in score was associated with a 10% lower GDM risk for the aMED pattern (RR: 0.90; 95% CI: 0.83, 0.97), 15% for the DASH pattern (RR: 0.85; 95% CI: 0.79, 0.92), and 24% for the aHEI (29) 900 (30) 1202 (31) 1160 (34) 1206 (28) 2 634 (20) 750 (21) 573 (19) 773 (20) 723 (21) 792 (18) 3 195 (6) 243 (7) 168 (6) 236 (6) 218 (6) 387 (12) 382 (10) 349 (12) 393 (10)** 425 (12) 459 (10) pattern (RR: 0.76; 95% CI: 0.70, 0.82). Attenuation of the effect estimate after covariable adjustment was driven primarily by prepregnancy BMI. Prepregnancy BMI was estimated to mediate 38% (95% CI: 18, 62%; P = 0.002) of the association between aMED dietary pattern and GDM and 16% (95% CI: 10, 24%; P , 0.0001) of the association between the aHEI dietary pattern and GDM, but was not a statistically significant mediator of the DASH dietary pattern and GDM association (4%; 95% CI: 0.4, 34%; P = 0.4). Our modified aMED score that was created by removing the MUFA:SFA ratio component correlated highly with the main aMED score (r = 0.96), as did the OMNIHeart scores with the DASH score (OMNI-protein compared with DASH: r = 0.95; OMNI-fat compared with DASH: r = 0.90). As expected, results with these modified dietary pattern adherence scores were similar to their primary adherence scores. A comparison of the participants of the fourth quartile with those of the first quartile in the multivariable model 3 showed that adherence to the modified aMED pattern was associated with a 25% lower risk of GDM (RR: 0.75; 95% CI: 0.61, 0.91), OMNI-protein with a 32% lower risk (RR: 0.68; 95% CI: 0.55, 0.85), and OMNI-fat with a 26% lower risk (RR: 0.74; 95% CI: 0.60, 0.91).
Tests for heterogeneity did not show a significant effect modification by parental history of diabetes, prepregnancy BMI, or age group (data not shown). The results were similar when the analysis was restricted to first pregnancies only (n = 6350; cases = 358) and when only the most recent prepregnancy FFQ data were used (data not shown). There did not appear to be any one dietary component driving the observed associations of the overall patterns in the analyses simultaneously modeling the individual dietary pattern components (data not shown). Several components independently contributed to the inverse associations between dietary patterns and GDM risk, including fruit, nuts and soy, whole grains and cereal fiber, moderate alcohol, and decreased intakes of red and processed meats, trans fat, and sugary beverages. Despite high correlations between the diet scores, the association between the aHEI pattern and GDM risk appeared stronger than the aMED and DASH patterns. A post hoc exploratory analysis was conducted to investigate whether the strength of this association could be explained by differences in scoring methods and discriminatory abilities. Scores for each component were rederived based on deciles of intake for each dietary pattern; thus, the patterns were scaled similarly and more directly comparable. Results from this analysis suggested that some of the differences between dietary patterns could be explained by their scoring methods; however, the association for aHEI remained significant even after adjustment for aMED and DASH, suggesting that components unique to aHEI may contribute to the greater strength of the association of aHEI with GDM as compared with DASH and aMED (data not shown).
DISCUSSION
In this large prospective cohort of 21,376 pregnancies, we found that prepregnancy adherence to a variety of healthful dietary patterns is associated with a robust, significant decrease in GDM risk. The correlation between dietary pattern adherence scores was high, .0.70 for all 2-way comparisons, despite unique components to each diet. All 3 dietary patterns were significantly associated with a reduced risk of GDM, suggesting a potentially robust role of a variety of dietary factors in the development of GDM.
Healthful dietary patterns have consistently been associated with a reduced risk of type 2 diabetes; however, there are limited studies of prepregnancy dietary patterns and risk of GDM (35) . A Several potential mechanisms may explain the observed associations between prepregnancy dietary patterns and GDM risk, although the precise underlying molecular mechanisms are unclear. A moderate amount of the association between dietary patterns and GDM risk appears to be mediated by BMI. Sensitivity analyses in which BMI was adjusted for as a continuous variable did not substantially change the results, indicating that these findings are unlikely to be entirely explained by residual confounding of weight status. Prior evidence suggests that women who develop GDM have prepregnancy b cell dysfunction and insulin resistance, compromising their ability to adapt to the metabolic challenges presented in pregnancy (36, 37) . Adherence to diets such as the aMED, DASH, and aHEI may reduce GDM risk by minimizing such susceptibilities in the time leading up to pregnancy. Common components between the dietary patterns include fruit and vegetables, minimal red and processed meats, and carbohydrate quality. Fruit and vegetables are rich in antioxidants and photochemicals, dietary fiber, and micronutrients such as magnesium and vitamin C. The combination of these might prevent metabolic deterioration by opposing free radicals and improving systemic oxidative stress (38) . Both plasma ascorbic acid concentrations and dietary vitamin C intake were inversely associated with GDM risk in the prospective OMEGA cohort (39) . In a previous study with the NHS II cohort, prepregnancy intake of fruit fiber was found to be inversely associated with GDM risk (40) . Foods such as fruit and vegetables might also indirectly confer a benefit by replacing harmful foods in the diet. Red and processed meats are sources of saturated fat, heme iron, nitrosamines, and other constituents and have been associated with b cell damage, oxidative stress, and insulin resistance as well as incident GDM (28) . Whole grains are high in insoluble fiber (low in glycemic index), which blunts absorption of glucose and subsequent insulin requirements (41) , and prepregnancy intake has been associated with a reduced risk of GDM (40) . The glycemic index is a measure of carbohydrate quality and is directly correlated with glucose absorption and an increase in insulin after eating a food or meal. Both have been associated with hyperglycemia and hyperinsulinemia (42) as well as incident GDM in the NHS II cohort (40) .
The analysis of dietary patterns, rather than individual foods or nutrients, allows one to capture the diet as a whole, including any unknown or synergistic effects between its components. Patterns also lead to a more comprehensive clinical and public health message, as foods are not eaten in isolation but as part of meals and overall dietary habits. Assessing dietary patterns that are derived from a priori hypotheses, such as those included here, increase generalizability across populations and time. Other strengths of this analysis are that we were able to control for several prepregnancy factors and lifestyle characteristics. The largest change in the effect estimate was seen when adjusting for BMI, a well-known GDM risk factor. Adjustment for several other potential confounders led to minor changes in the relative risk; thus, it is unlikely that unmeasured or residual confounding would explain a substantial amount of the observed associations. Another strength of this analysis is the prospective assessment of prepregnancy diet. Several previous publications of prepregnancy diet and pregnancy outcomes are limited to dietary questionnaires administered after the participants became pregnant. Changes to diet in pregnancy or participants' awareness of their outcome status might lead to exposure misclassification and/or recall bias. Capturing prepregnancy dietary data in the prepregnancy period avoids these limitations. Additionally, because our FFQs were administered every 4 years, we were able to compute an updated cumulative average of prepregnancy dietary pattern adherence scores for the portion of participants accumulating more than one prepregnancy FFQ, thus better reflecting long-term intake, and reducing random within-person error and attenuation of the effect estimate toward the null relative risk. Finally, although GDM was ascertained by questionnaire self-report, it has been previously validated and demonstrated good validity (20) .
We acknowledge that there are limitations of this analysis. First, the NHS II cohort does not capture diet during pregnancy. It is likely that diet during the 2 time periods is correlated. We are therefore unable to resolve that the associations of prepregnancy diet with GDM are independent of diet during pregnancy. Future research is required to partition out the relative contributions of diet in these 2 time periods to GDM risk. Last, our study population consisted mostly of white women, thus we are unable to ascertain whether the association is similar across other race and ethnic groups that are at higher risk of GDM. However, the relative homogeneity of our population advantageously reduces unmeasured confounding.
Overall, we found strong and consistent associations between prepregnancy adherence to several dietary patterns and a lower GDM risk. Common elements of these diets include a high intake of fruit, vegetables, whole grains, and nuts and legumes and a low consumption of red and processed meats. Further research is required to know whether improving one's dietary pattern adherence during pregnancy is associated with a lower risk of GDM. These results suggest that clinical and public health efforts to encourage diets similar to the aMED, DASH, and HEI patterns for women of a reproductive age might yield benefits in the reduction of GDM risk in a future pregnancy.
